INTRODUCTION
There are now a number of conflicting reports on the effects of Robertsonian translocations on the fertility of man (Chandley et al., 1972; Fraccaro et al., 1973; Palmer et al., 1973) and domestic animals (Gustavsson, 1969; Pollock & Bowman, 1974; Bruère & Chapman, 1974; Bruère, 1974a Bruère, , b, 1975 . It has been assumed that non-disjunction of the homologues of the translocation chromosomes at anaphase I is a regular occurrence in translocation hétéro¬ zygotes, and that a proportion of the unbalanced secondary spermatocytes become mature gametes. This occurs regularly in crosses of the tobacco mouse (Musposchiavinus) and house mouse (M. musculus). In the latter, heterozy-334 H. M. Chapman and . . Bruère gotes aneuploid gametes actually produce a significant number of aneuploid zygotes which do not complete embryogenesis (Tettenborn & Gropp, 1970; Cattanach & Moseley, 1973 (Bruère & Chapman, 1974; Bruère, 1974b Bruère, , 1975 . The fertility of such sheep is apparently normal and reduced fertility, if significant at all, occurs only under specific mating or possibly phenotypic conditions (Bruère & Mills, 1971; Bruère, 1974a) .
The analysis of the chromosomes from secondary spermatocytes (M II) in both man and domestic animals has been limited both by the tedium and difficulty in obtaining cytologically unequivocal metaphase preparations for the accurate determination of chromosome number; for example see man (Luciani, 1970; Ferguson-Smith, 1972; Skakkebaek et al., 1973) , bull (Gustavsson, 1969; Pollock & Bowman, 1974) , goat (Datta, 1970) and sheep (Makino, 1943) . The analysis of large numbers of M II cells in the mouse has been facilita¬ ted by the use of colchicine in the living animal (Tettenborn & Gropp, 1970; Döring et al., 1972; Cattanach & Moseley, 1973) 
Terminology
The terminology used to describe the translocation chromosomes is the same as that used previously (Bruère, 1974b) . The three translocations are referred to as either 53^,^; 53,xy,t2; 53,xy,t3 or tu t2 and t3 in the hetero¬ zygous state, or 52,xy,t1t1; 52,xy,t2t2; 52,xy,t3t3 in the homozygous state.
Animals
The animals used were all derived from the various mating experiments described previously (Bruère, 1974b) .
Cytogenetic methods
The karyotypes of the rams were determined from the usual form of chromo¬ some preparations made from whole blood leucocyte cultures.
The meiotic chromosome preparations were made from testicular tissue which was processed immediately following removal from the ram. The technique was developed for the ram (Chapman, 1974) and was a modification of the method of Evans et al. (1964) . The meiotic preparations were stained with aceto-orcein before mounting and microscopic examination.
The C-banding of chromosomes was done by the technique of Sumner (1972) as modified by Chandley & Fletcher (1973) analysed varied from 0% to 6-8% (tt), 4-6% to 6-6% (t2) and 8-3% to 11-1% (t3).
Aneuploid spermatocyte frequency in heterozygous rams. The aneuploid spermatocyte frequencies for those rams from which more than twenty M II cells were analysed are given in Table 3 .
The frequencies of aneuploidy varied between rams and in each case the estimation of aneuploid frequency based on hypermodal cell counts was considerably smaller than the estimate based on the 29 and 31 chromosome arm counts. There were no significant differences between rams with regard to the distribution of euploid and aneuploid cells when these are considered as groups, although the individual frequencies for some rams were significantly higher than others. The aneuploid frequency 31 x2(%) for the 53,xy,t3 rams was considerably higher than those for either 53,xy,t! rams or 53,xy,t2 rams.
Translocation chromosome-sex chromosome association. In the euploid data for tt rams, approximately equal numbers of balanced translocation cells and normal cells were recorded carrying the X and Y chromosomes respectively ( The ratio of Y-carrying to X-carrying cells in t3 rams differed ( \= 7-37, P<0-01) overall, there being an excess of X-carrying cells. Fewer +ty cells and more -tx cells were recorded than expected ( \ = 8-77, P<0-05) when euploid data alone were considered. This trend was increased when euploid and aneuploid data were combined ( 3 = 38-68, P<0-001). Table 2 clearly show that the percentage distribution of euploid cells is lowest for the t1; t2 and t3 rams. They also show that there were no hypermodal cells recorded in either the normal rams or in the homozygous rams (t1t1 and t3t3) and the number of cells with 29 chromosome arms is higher for the hétérozygotes than for the homozygotes and normal rams. This is similar to the results described from similar studies on the tobacco mouse (Döring et al., 1972; Cattanach & Moseley, 1973) .
This result is confirmed in another way by comparing the estimations of aneuploid frequency for the two different groups (Table 3 ) and in the fre¬ quency histograms (Text-figs la and lb). In agreement with the tobacco mouse data of Cattanach & Moseley (1973) Cattanach & Moseley (1973) , do show significant differences. One contributory factor to this difference could be the different techniques employed in making the chromosome preparations.
It is clear, however, that heterozygosity for a Robertsonian translocation in the sheep is a major factor leading to an increased frequency of aneuploid secondary spermatocytes and also the major factor associated with non-dis¬ junction. This trend appears similar to that shown in the tobacco mouse hybrids (Cattanach & Moseley, 1973 (Evans et al., 1967; White & Tjio, 1967; Cattanach & Moseley, 1973 (Bruère, 1974b ). This was not confirmed by additional mating data (Bruère, 1975 (White & Tjio, 1967; Evans et al., 1967) . At present more data are needed before a conclusion can be drawn, but significantly, apart from the 52,xy,t2 data, no unequal number of progeny of any particular chromosome category has been recorded consistently in the various mating groups studied by Bruère (1974b Bruère ( , 1975 .
Although a significant number of aneuploid M II cells are produced in rams heterozygous for each of the three Robertsonian translocations studied, there is no evidence from either blastocyst studies (Long, 1974) or from the mating data involving such rams (Bruère, 1974b (Bruère, , 1975 Bruère & Chapman, 1974) that aneuploid gametes are producing aneuploid zygotes. In the experi¬ ments of Bruère & Chapman (1974) Ortavant (1958) and RoosenRunge (1973) . This is one way in which unsuitable male germ cells are not disseminated as unsuitable gamete types.
The numbers of polyploid cells recorded from the M II cells is similar in all classes of rams (Table 1 ) . Although the apparent level of polyploidy described in sheep is higher than reported in other species, insufficient data prevent a definite comparison being made. The cause of this polyploidy is uncertain. It may be artifactual, due to overlapping of cells as suggested by Hultén et al. (1970) , Ford & Evans (1971) and Lin et al. (1971) . Disturbances of cytokinesis in spermatogonial cells (Lin et al., 1971; Pogosianz & Brujako, 1971) , endomitosis and fusion of spermatogonial cells (Fechheimer, 1961; Pogosianz & Brujako, 1971) (Carothers & Beatty, 1975) .
